Behavior of CMPCs in unidirectional constrained and stress-free 3D hydrogels.
Cardiomyocyte progenitor cells (CMPCs) are a candidate cell source for cardiac regenerative therapy. However, like other stem cells, after transplantation in the heart, cell retention and differentiation capacity of the CMPCs are low. Combining cells with biomaterials might overcome this problem. By serving as a (temporal) environment, the biomaterial can retain the cells and provide signals that enhance survival, proliferation and differentiation of the cells. To gain more insight into the effect that the encapsulation of CMPCs in a biomaterial has on their behavior, we cultured CMPCs in unidirectional constrained and stress-free collagen/Matrigel hydrogels. CMPCs cultured in 3D hydrogels stay viable and keep their cardiomyogenic profile independent of the application of strain. Moreover, the increased expression of Nkx2.5, myocardin and cTnT in 3D hydrogels compared to 2D cultures, suggests enhanced cardiomyogenic differentiation capacity of cells in 3D. Furthermore, increased expression of collagen I, collagen III, elastin and fibronectin and of the matrix remodeling enzymes MMP-1, MMP-2, MMP-9, and TIMP-1 and TIMP-2 in the 3D hydrogels is indicative of an enhanced matrix remodeling capacity of CMPCs in a 3D environment, independent of the application of strain. Interestingly, the additional application of static strain to the 3D hydrogels, as imposed by hydrogel constrainment, stabilized CMPC viability and proliferation, resulted in enhanced cardiac marker protein expression and appeared crucial for cellular organization and morphology. More specifically, CMPCs cultured in 3D collagen/Matrigel constrained hydrogels became readily mechanosensitive, had a rod-shaped morphology, and responded to the applied strain by orienting in the direction of the constraint. Overall, our data demonstrate the applicability of CMPCs in a 3D environment since encapsulation of CMPCs may stabilize survival and proliferation, can enhance the differentiation and remodeling capacity of the cells, and could induce cellular re-organization, which all may contribute to an improved efficiency of cardiac stem cell therapy.